Background
==========

Acute encephalopathy is a relatively common problem; one of its causes is metabolic disorders.[@b1-ndt-14-1715] Acute metabolic encephalopathy is a condition of acute global cerebral dysfunction resulting in altered consciousness, behavior changes, or seizures that is not due to primary structural brain disease (eg, tumor or hemorrhage) or infection.[@b2-ndt-14-1715] Acute encephalopathy (regardless of the cause) is a medical emergency. In addition to being a common manifestation of a variety of acquired medical or surgical conditions, it is a presenting feature of number of inherited metabolic diseases, particularly in young children.[@b3-ndt-14-1715],[@b4-ndt-14-1715] We should suspect an inborn error of metabolism (IEM) in patients with neurologic abnormalities (eg, developmental delay, hypotonic baby, or feeding difficulties), especially in those patients with multisystem involvement who appear with acute symptoms.[@b5-ndt-14-1715] The early and specific diagnosis of IEMs and prompt initiation of appropriate therapy are still the best determinants of outcome for these patients.[@b6-ndt-14-1715] Delay in diagnosis may have serious consequences resulting in acute metabolic decompensation, progressive neurologic injury, or death.[@b7-ndt-14-1715]

The aim of the study was to estimate the frequency of IEM in children presenting with unexplained acute encephalopathy at the pediatric emergency department (ED).

Subjects and methods
====================

The study was a prospective observational cohort study. It was carried out at the ED in Ghamra Military Hospital, Egypt, during the period from November 2014 to December 2015. The study was conducted on 30 patients (18 males and 12 females), with age ranging from 1 month to 5 years. All patients presented with disturbed level of consciousness defined as a state of unconsciousness lasting \>6 hours in which a person cannot be awakened, fails to respond normally on painful stimuli, light, or sound, lacks a normal sleep--wake cycle, and does not initiate voluntary actions.[@b8-ndt-14-1715] Patients with encephalopathy due to head trauma, central nervous system (CNS) infection, renal or hepatic impairment, and those with encephalopathy due to hypoxic--ischemic insult were excluded from the study.

All included patients were subjected to full history talking and clinical examination, and the following laboratory tests.

Laboratory tests
----------------

### Routine laboratory tests

The following laboratory tests were conducted: complete blood count, blood gas analysis, kidney function and liver functions tests, serum electrolytes, random blood glucose, serum ammonia, serum lactate, and cerebrospinal fluid examination to rule out CNS infection.

### Metabolic screen

All children included in the study were further investigated by tandem mass spectrometry (MS/MS). MS/MS technology expands the metabolic disorder screening panel (ie, the number of disorders that can be detected) by incorporating an acylcarnitine profile, which enables detection of fatty acid oxidation disorders (eg, medium-chain acyl-CoA dehydrogenase deficiency) and other organic acid disorders. MS/MS can reliably analyze \~20 metabolites in one short-duration run (ie, \~2 minutes) and provide a comprehensive assessment from a single blood spot specimen.[@b9-ndt-14-1715],[@b10-ndt-14-1715]

Urine organic acid analysis was performed using gas chromatography--mass spectrometry in all patients.[@b11-ndt-14-1715]

Neuroimaging was done for all cases with either computed tomography and/or magnetic resonance imaging of the brain to rule out intracranial pathology or trauma.

The mothers of the subjects under study were informed about the purpose of the study and the plan of work before they agreed to participate. A written consent was obtained before the study began.

The study was approved by the local ethics committee of Ain Shams University.

Statistical analysis was done using manual methods to calculate the percentage of the obtained data of the patients.

Results
=======

Demographic and clinical data of the patients
---------------------------------------------

In this study, there were 30 patients diagnosed with acute unexplained encephalopathy who presented at the ER of our hospital, with their ages ranging from 1 month to 5 years. Infants of age \<1 year numbered 11 (37%) and children aged from 1 to 5 years numbered 19 (63%); the number of males was 60. Patients with positive consanguinity numbered 19 (63%), and 5 (17%) patients had a positive family history. All patients included in our study had disturbed conscious level; seizures were recorded in 63%, delayed motor development was present in 33%, hypotonia in 20%, mental retardation in 13%, hypertonia and spasticity in 10%, muscle weakness in 10%, gait abnormalities in 7%, microcephaly in 7%, and speech abnormalities were present in 3% of the patients. Forty percent of our patients had failure to thrive and chronic vomiting. Hepatomegaly and short stature were detected in 30% of cases. Chronic diarrhea was reported in 20%, hypoglycemia in 10%, and only 7% had cardiac manifestation and ophthalmic manifestation ([Tables 1](#t1-ndt-14-1715){ref-type="table"} and [2](#t2-ndt-14-1715){ref-type="table"}).

Plasma amniography
------------------

Plasma amino acid analysis results showed absolute alanine elevation \>450 μmol in 12 patients (40%) and co-carnitine abnormalities in 6 patients (20%); 2 of them had a low concentration and 4 had a high concentration. Glycine was elevated in four patients (13%), alanine in two patients (7%), phenylalanine in only one patient (3%), and low borderline citrulline was found in one patient ([Table 3](#t3-ndt-14-1715){ref-type="table"}).

Urinary organic acid analysis in the studied patients
-----------------------------------------------------

There was elevated lactate in five patients (17%), increased lactate, 2-oxoglutaric acid, and valproic acid in one patient (3%), elevated lactate alone in two patients (7%), elevated succinate in one patient (3%), increased lactate and hippurate in two patients (7%), and elevated glutaric acid in one patient (3%), as shown in [Table 3](#t3-ndt-14-1715){ref-type="table"}.

Radiographic abnormalities
--------------------------

Computed tomography brain was available in 25 patients (83%), of which 17 patients (68%) had abnormalities. This included 11 patients with cerebral atrophy, 3 patients with brain edema, and 2 patients with basal ganglia abnormalities. Magnetic resonance imaging was done for 27 patients, revealing atrophic changes in 12 patients, basal ganglia calcification in 2 patients, and white matter abnormalities in 5 patients. It is worth noting that two patients had cataract (7%) and echocardiography abnormalities were detected in two patients (7%); one of them had cardiomegaly and the other had ventricular septal defect (VSD). Abdominal ultrasound abnormalities were observed in 12 patients (40%); 30% had hepatomegaly and 10% had hepatosplenomegaly ([Table 4](#t4-ndt-14-1715){ref-type="table"}).

Discussion
==========

Acute encephalopathy is a common and potential medical emergency in patients with IEM.[@b3-ndt-14-1715] Metabolic disorders or IEMs result from a block (partial or complete) in a pathway in the body's metabolism. There are a large number of conditions included in this group of disorders. Although metabolic disorders are individually rare, collectively, they are not uncommon.[@b11-ndt-14-1715]

In the current study, 30 patients presented with unexplained acute encephalopathy at the ED of our hospital, with their ages ranges from 1 month up to 5 years. All children were subjected to metabolic screen for possible IEM, and we found that 13% of patients had possible mitochondrial dysfunction (MD). Recent methods used for establishing diagnosis of MD, such as whole-exome sequencing and next-generation sequencing, based on massively parallel sequencing of the entire 16, mitochondrial genome which allow for diagnosis of MD with high sensitivity.[@b12-ndt-14-1715]--[@b14-ndt-14-1715] In our study, the confirmatory tests were not done at the time of study as these tests were not available in our country and due to financial issues. The most common clinical presentation in our patients was seizures in three patients, followed by delayed motor development in three patients. Similarly, previous studies on MD noted that the neurologic manifestations were the most common presenting manifestation (45%--90%) with abnormal tone, seizures, and delayed motor development being the most frequent presentations.[@b15-ndt-14-1715],[@b16-ndt-14-1715]

In our study, we found that four patients had failure to thrive. This is in agreement with Debray et al,[@b15-ndt-14-1715] who reported failure to thrive as a frequent observation in 52% of the cases and a presenting symptom in 10% of the patients. The combination of manifestations such as poor feeding and vomiting associated with persistent lactic acidosis could explain failure to thrive that commonly occurs in mitochondrial diseases.[@b17-ndt-14-1715]

In regard to neuroimaging, we had two patients with atrophic changes, one patient with basal ganglia abnormalities, and another one had white matter abnormal signals. Other studies have reported brain atrophic changes in 47% of the studied patients, white matter abnormalities in 40%,[@b14-ndt-14-1715] and basal ganglia hyperintensities in 60% of the patients.[@b18-ndt-14-1715]

In our study, four patients had highly suggestive symptoms of organic acidemia; three of them had possibly malonic acidemia and one patient had glutaric aciduria type 1.

Metabolic acidosis and increased anion gap are the characteristic findings of organic acidemias.[@b19-ndt-14-1715],[@b20-ndt-14-1715] This is in agreement with our findings of increased lactate in four patients and increased anion gap in three patients. Plasma lactate is often elevated in organic acidemias as a result of secondary interference with coenzyme A metabolism. In our study, only one patient was diagnosed as glutaric aciduria type 1 patient who presented at age 7 months; there was positive consanguinity, and this is similar to Alkan et al,[@b21-ndt-14-1715] who reported that in most cases of glutaric aciduria type 1, the first episode occurs between the ages of 6 and 18 months. Delayed motor development, persistent vomiting, and failure to thrive were the presenting features, which was similar to those reported by Zafeiriou et al.[@b22-ndt-14-1715]

We had a patient possibly diagnosed with nonketotic hyperglycinemia who presented at age 3 months. This is similar to Dinopoulos et al,[@b23-ndt-14-1715] who reported that patients may present in the neonatal period, infancy, or later. Our patient had convulsion and repeated vomiting similar to a study reporting that patients with nonketotic hyperglycinemia develop lethargy, refusal of feeds, hypotonia, hiccups, and rapid progression of the neurologic symptoms leading to seizures and coma.[@b24-ndt-14-1715] In the current study, we found one patient with urea cycle defect, who was aged 2 months, second in the order of birth, and with a positive family history of sibling death. The patient presented with disturbed conscious level (DCL), neurologic manifestation, failure to thrive, and hypoglycemia. This is in agreement with Saudubray et al, who showed 55% of patients with urea cycle defect present in neonatal period and 45% present in infancy; they present with digestive problems and then develop neurologic symptoms.[@b25-ndt-14-1715]

In our patients, we observed family history of a similar condition in 67% of our studied cases and positive consanguinity in 72% of our cases. Parental consanguinity increases the likelihood of autosomal recessive IEM because relatives are more likely to carry the same defective gene. Certain IEMs are more prevalent in particular ethnic or religious groups and negative family history does not rule out IEMs because most carriers have no clinical manifestations of the disease.

In our study, neurologic manifestations were common. Seizures were observed in 78% of patients, followed by delayed motor development in 28%, hypotonia in 17%, and mental retardation in 6% of patients. This is in accordance with Dott et al,[@b26-ndt-14-1715] who diagnosed 212 patients with IEM. They were generally characterized by convulsion, coma, mental retardation, developmental delay, and abnormal muscular tone. Also, Gulati et al[@b27-ndt-14-1715] reported that most of the IEMs usually present with CNS symptoms. Seizures were a dominant symptom (26%), followed by delayed milestones (18%). Also, Kamate et al[@b28-ndt-14-1715] showed that in patients with IEM, vomiting was observed in 9.4% and organomegaly in 2.3%. We observed cardiac symptoms in one patient in the form of cardiomegaly; this is similar to Han et al, who observed cardiac manifestation in 7%, including heart failure and congenital heart diseases.[@b29-ndt-14-1715]

In our study, two patients had cataract. Our findings are nearly similar to Nissenkorn et al, who reported eye involvement was observed in 26% of the patients.[@b30-ndt-14-1715]

In our study, we found that about 12 patients had serum ammonia above 48 μmol/L and 7 patients had serum lactate above 20 mg/dL or 2.2 mmol/L. There was an increase in liver enzymes (alanine transaminase and aspartate transaminase) in 5 patients and 11 patients with metabolic acidosis, respectively; this is similar to Debray et al,[@b15-ndt-14-1715] who noted that 72% of the patients had chronic lactic acidemia. Additionally, the study conducted by Touati et al[@b31-ndt-14-1715] reported that 89% of the patients had chronic lactic acidemia and up to 60% had at least one normal lactate concentration, illustrating the variability of this biological parameter and emphasizing that a normal lactate concentration does not exclude IEM. In Cheng et al's study, 43 patients with IEMs had increased serum ammonia levels and 35% had increased serum lactate; the liver enzymes alanine transaminase and aspartate transaminase were increased in 19% and 42% of patients with metabolic acidosis, respectivley.[@b32-ndt-14-1715]

Conclusion
==========

Any case of unexplained acute encephalopathy presenting to the ED should be investigated for IEMs as early diagnosis and treatment will impact the outcome. The challenges to recognize them, as institution of appropriate management can be life-saving. A high index of clinical suspicion (parental history -- consanguineous parents, previous unexplained neonatal deaths or Sudden Infant Death Syndrome, relatives with undiagnosed "syndrome") is required to make the diagnosis as the clinical presentation of most metabolic disorders is nonspecific. However, inconclusive laboratory results do not exclude IEMs, but further investigations are needed to confirm the diagnosis.
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###### 

Demographic data and clinical data

                                      Number   Percentage
  ----------------------------------- -------- ------------
  Age (years)                                  
   \<1                                11       37
   1--5                               19       63
  Male/female                         18/12    60/40
  Positive consanguinity              19       63
  Family history                      5        17
  Neurologic manifestation                     
   Disturbed level of consciousness   30       100
   Seizures                           19       63
   Mental retardation                 4        13
  Microcephaly                        2        7
  Delayed motor development           10       33
  Muscle weakness                     3        10
  Hypotonia                           6        20
  Hypertonia and spasticity           3        10
  Gait abnormalities                  2        7
   No walk                            0        0
   Delayed walk                       2        7
  Speech abnormalities                1        3

###### 

Systemic manifestations of patients with IEM

                             Number   Percentage
  -------------------------- -------- ------------
  Ophthalmic manifestation            
   Cataract                  2        7
  GIT manifestations                  
   Recurrent vomiting        12       40
  Hepatomegaly               9        30
  Recurrent diarrhea         6        20
  Cardiac manifestation      2        7
   Cardiomegaly              1        3.5
   VSD                       1        3.5
  Failure to thrive          12       40
  Short stature              8        27
  Hypoglycemia               3        10

**Abbreviations:** GIT, gastrointestinal tract; IEM, inborn error of metabolism; VSD, ventricular septal defect.

###### 

Results of extended metabolic screen

  Plasma amino acid                                          Number   Percentage
  ---------------------------------------------------------- -------- ------------
  Absolute alanine elevation \>450 μmol/L                    12       40
  Co-carnitine \<5.2 μmol/L                                  3        10
  Co-carnitine \>60.3 μmol/L                                 3        10
  Glycine \>717 μmol/L                                       4        13
  Proline \>600 μmol/L                                       0        0
  Phenylalanine \>180 μmol/L                                 1        3
  Tyrosine \>225 μmol/L                                      0        0
  Low borderline citrulline \<3 μmol/L                       2        7
  Urinary organic acids                                               
  Elevated lactate                                           5        17
   Elevated lactate only                                     2        7
   Increased lactate, 2-oxoglutaric acid and valproic acid   1        3
   Increased lactate, hippurate                              2        7
  Elevated succinate                                         1        3
  Glutaric acid                                              1        3
  No abnormality                                             22       73

###### 

Radiographic findings of patients

                                       Number   Percentage
  ------------------------------------ -------- ------------
  CT abnormalities                     17       57
   Atrophy                             12       40
   Brain edema                         3        10
   Basal ganglia abnormalities         2        7
   Normal                              8        27
  MRI abnormalities                    18       67
   Atrophic changes                    11       41
   Basal ganglia calcification         2        7
   White matter abnormalities          5        19
   Normal/nonspecific                  9        33
  Slit lamp                                     
   Cataract                            2        7
  Echocardiography abnormalities       2        7
   Cardiomegaly                        1        50
   VSD                                 1        50
  Abdominal ultrasound abnormalities   12       40
  Hepatomegaly                         9        30
  Hepatosplenomegaly                   3        10

**Abbreviations:** CT, computed tomography; VSD, ventricular septal defect.
